Background Type two diabetes mellitus (T2DM) is caused and progressed by an individual's lifestyle and, therefore, its optimal day-to-day management may involve the patient taking responsibility for this, including fulfilling a planned and prescribed exercise regime used as part of the treatment. A prescription of exercise designed to meet a patient's individual needs with minimal supervision from healthcare practitioners would facilitate this. However, the optimal prescription of exercise in the population remains unclear. Objective This review examines the effects planned selfdirected exercise has on glycosylated haemoglobin and other outcomes in individuals with T2DM and aims to identify the most suitable forms of planned self-directed exercise for individuals with T2DM that can be carried out independently. Methods A search of the electronic databases PubMed, SPORTDiscus, CINAHL, EMBASE, Cochrane (Trials) and ClinicalTrials.gov was conducted along with reference lists of previous reviews. Randomised controlled trials published in English between January 1990 and February 2015 examining participants diagnosed with T2DM only were included. Studies were critically appraised using the PEDro (Physiotherapy Evidence Database) scale and data were presented on standardised tables.
Introduction
Type 1 and type 2 diabetes mellitus (T1DM and T2DM) are chronic conditions that have been reported to affect 171 million adults worldwide with this figure estimated to rise to 366 million by the year 2030 [1] . They are part of a group of metabolic disorders characterised by increased levels of glucose in the bloodstream caused by failings in insulin secretion, insulin action or both. In particular, T2DM has traditionally been associated with obesity and low levels of physical activity [2, 3] . As such, exercise, along with dietary and pharmacological interventions are considered to be fundamental to successfully manage the condition. Such interventions aim to prevent or slow the progression of the disease and the development of possible micro-and macrovascular complications associated with it, which include cardiovascular disease, retinopathy, neuropathy and kidney disease [4, 5] .
A number of reviews that examine the effect of exercise in T2DM do exist but an exact optimal prescription has not yet been established [3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . It may be the case that the specific benefits of exercise in the disease have not been fully understood to date, and thus, the potential of exercise prescription may not be fully exploited [5] . The authors of the current review were also unable to identify a recent systematic review that investigated the effects of planned and self-directed exercise on individuals with T2DM and a large proportion of the research that has taken place was conducted in a laboratory or hospital setting. Although such work may be useful in identifying the exact effects of exercise in the condition at a cellular level, it could be argued that these exercise interventions are not reflective of what would occur daily amongst those with the condition when there is minimal or no regular contact between patients and practitioners, requiring the patients to manage the disease and exercise regimen in a largely independent fashion. The practitioner may provide a prescription or plan of exercise initially to the patient but it is the responsibility of the patient to carry out the exercise as prescribed. These forms of self-directed exercise interventions can include activities such as exercising in a gym, going for walks or carrying out any form of prescribed exercise at home as opposed to exercising under the supervision and/or instruction of healthcare personnel or fitness instructors, which causes an unnecessary drain on resources. The term self-directed exercise will be used for the remainder of the current review to describe the planned and self-directed exercise described here.
Using the PICOT (Population, Intervention, Comparison, Outcome, Time) method, the aim of this systematic review was to examine the effects of any form of selfdirected exercise (Intervention) on individuals with T2DM (Population) in measures of HbA 1c (glycosylated haemoglobin, the primary outcome), other metabolic outcomes, physical characteristics, cardiorespiratory function and physical function (Outcome) following interventions lasting longer than 4 weeks (Time) as reported in randomised controlled trials, and to provide recommendations regarding the most effective forms of self-directed exercise on these outcomes in the population. It was decided to include randomised controlled trials only as they provide robust [16] findings in healthcare research [17] and previous similar reviews [18] published in the area have adopted this approach.
Methods
The protocol for the current review has not been published or registered. The PRISMA guidelines were used in its reporting [19] .
Electronic Search Process
A systematic search of the electronic databases PubMed, SPORTDiscus, CINAHL (excluding Medline), EMBASE (excluding MEDLINE), ClinicalTrials.gov (using the targeted search) and Cochrane (Trials) was conducted. A time limit of January 1990-February 2015 was added to all databases to ensure the most recent evidence was included in the review.
Search terms were split into categories using the P, I and O headings of the PICOT method. These categories were the condition/population group, the intervention and the possible physiological outcomes of the intervention. Correct truncation was used in all databases and MeSH or thesaurus terms were used whenever possible. Following the search, the retrieved papers were assessed to see if they met the inclusion criteria. The terms searched were: ((Type 2 diabetes OR non-insulin dependent diabetes) AND (Exercise OR physical activity OR Free living OR community OR work OR home OR gym OR leisure centre OR Selfdirected) AND (HbA 1c OR glycosylated haemoglobin OR haemoglobin OR muscle OR fitness OR glucose tolerance OR insulin sensitivity OR body mass OR body fat OR circulation OR blood pressure OR waist circumference OR nerve)).
Other Sources Searched
Following the search of the above databases, the reference lists of a number of previous systematic reviews that were identified during the preliminary reading and search were also searched [3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Inclusion/Exclusion Criteria
The inclusion/exclusion criteria were as follows:
1. Full text available. 2. Published between January 1990 and February 2015. 3. All participants in the trial must be humans diagnosed with T2DM.
• Studies including participants with co-morbidities or recent pregnancies or control groups without a diagnosis of T2DM were excluded.
4. Only randomised clinical trials/randomised controlled trials were included as they provide robust [16] findings in healthcare research allowing for strong recommendations to be made [17] and previous similar reviews [18] published in the area have adopted this approach. 5. Intervention periods must be a minimum of 4 weeks to allow the long-term effects of the intervention to be assessed. 6. A detailed description of the intervention including an outline of the exercise programme and the duration of the exercise period must be provided. 7. Studies were included if it was clear in the text that the planned self-directed exercise was considered to be the main intervention, to allow the metabolic effects of exercise interventions alone to be assessed based on the following criteria:
• Studies where a dietary co-intervention lasted the full length of the intervention were excluded. Studies with dietary co-interventions were included if the co-intervention period was only during a runin phase.
• Studies where minimal dietary advice alone was given to participants during the intervention were included as this is reflective of usual care of T2DM patients.
• Studies where any drug therapy or counselling was part of the intervention programme were excluded.
• Interventions were considered self-directed if it was outlined in the paper that more than 50 % of time spent exercising/prescribed exercise sessions/duration of the trial was conducted without supervision away from a laboratory or hospital setting. No guidelines exist regarding the exact definition of self-directed exercise and thus 50 % was chosen as an arbitrary proportion.
• Last, studies where the exercise interventions targeted the improvement of inspiratory muscle function alone were excluded.
8. Participants in the trials must not receive financial or other reward for taking part other than the cost of expenses associated with being a participant in the trial.
Critical Appraisal of Included Studies
The PEDro scale database, which has been shown to be a valid and reliable method of critically appraising the studies included in systematic reviews of the literature, was used to assess the quality of studies included in the current review [20] [21] [22] . If a study was not previously appraised in the database, two reviewers used the PEDro scale separately to review the paper and results were compared. If inconsistencies were noted after this process, a final decision was made by the first named author of the review on the study's correct score. The PEDro scale provides a score out of ten to a paper, with ten being the highest quality, and one mark each allocated for each of the following criteria: random allocation, concealed allocation, baseline comparability, blinding of subjects, blinding of therapists, blinding of assessors, adequate follow-up, intention-to-treat analysis, between-group comparisons, and point estimates and variability. The results of the critical appraisal scores are presented in Table 1 .
Data Extraction
Information regarding the characteristics of papers to be included in the review is presented in Electronic Supplementary Material Table S1 . When necessary, the authors of papers being included were contacted via e-mail to clarify information but no response was received from some authors. Data regarding HbA 1c , a measure of average plasma glucose levels in the previous 6-8 weeks, metabolic outcomes, body composition, cardiorespiratory fitness and functional outcomes from all studies were then analysed and compared using the differences in means as the principal summary measures. The data from each exercise group were analysed and compared in subgroups, which were split according to the type of exercise carried out by each group (e.g. aerobic). These subgroups were chosen following the initial search process.
Results
The search of the electronic databases retrieved 18,479 papers prior to the addition of filters, screening and removal of duplicates. After screening, assessment for eligibility and the removal of duplicates 26 studies remained . A further two papers that met the inclusion criteria were identified from the searching of the reference lists of other recent reviews and were included Self-directed Exercise in Type 2 Diabetes 719 leaving 28 studies to be reviewed [49, 50] . Figure 1 shows the study selection flow diagram.
Methodological Quality of Included Studies
The PEDro scale scores range from 3 to 8/10. The mean score was 4.96 ± 1.17. Full details of critical appraisal scores can be seen in Table 1 .
Characteristics of Included Studies
The types of exercise used in the included studies were aerobic, resistance, combined aerobic and resistance, five element gymnastics (FEG), and a games console exercise intervention (Wii fit plus). The interventions range from 4 weeks to 14 months in length. The Diabetes Aerobic and Resistance Exercise (DARE) study was a large trial that examined and compared the effects of self-directed resistance, aerobic, and a combination of resistance and aerobic interventions. Four of its papers with different findings are included in the current review including the initial primary study and three of its sub-studies, and the results of its different outcomes are only analysed once each in the current review [28] [29] [30] [31] . However, a number of different papers presenting its findings were excluded as they presented results that were not within the scope of the current review (i.e. findings related to theories of behavioural change [51, 52] , perceived facilitators and barriers to exercise [53] and the effect of metformin when combined with an exercise programme [54] ). Likewise, a paper written by Lubans et al. [55] presenting data from the same study as the Plotnikoff et al. [34] paper was not included as the findings presented were not within the scope of the current review. All sub-studies included in the review Table 1 Critical appraisal scores on the PEDro scale [20] of studies included in the review Records identified through database searching (n = 18,479)
• PubMed (n = 11,043)
• SPORTDiscus (n = 840)
• CINAHL (n = 3,224)
• Embase (n = 174) • ClinicalTrials.gov (n = 428)
• Cochrane (n = 2,770)
Records remaining after reading titles and abstracts and removing duplicates (n = 386)
Records included in systematic review (n = 28)
Records remaining following addition of filters in databases (language, date) (n= 15,619)
• PubMed (n = 9,329)
• SPORTDiscus (n = 743)
• CINAHL (n = 2,901)
• Embase (n = 165)
• ClinicalTrials.gov (n = 52)
• Cochrane (trials only) (n = 2,429)
Reasons for exclusion (n = 360):
• Outcomes not in scope of review (n = 5) • Non type 2 diabetes mellitus participants (n = 11)
• No exact exercise prescription (n = 19) • Exercise period < 4 weeks (n = 5) • Co-morbidities (n = 6) Records remaining following assessment of eligibility (n =26) Records identified from other sources (n = 2) presented data that are within the scope of the primary or secondary outcomes of the review outlined above.
Of the studies included in the review, 14 different trials described in 17 papers [23-30, 41-45, 47-50] included aerobic training groups, of which two [29, 30] were substudies of the DARE trial [28] and another two were papers written by the same authors [26, 27] presenting different findings from the same study. Eleven studies [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] 49] used resistance training groups, which included all three sub-studies of the DARE trial [28] [29] [30] [31] , and the Cohen et al. [32] , and Daly et al. [35] sub-studies. One study included a resistance training group and an aerobic training group [49] while the DARE trial included resistance, aerobic and combined training groups [28] [29] [30] [31] . Two [29, 30] substudies included presented data from all the training groups in the DARE trial while another only included the resistance training and combined training groups [31] . Two studies used a combined exercise intervention alone [38, 46] while two studies examined the effects of nontraditional forms of exercise in the form of FEG [39] and the Wii fit plus exercise game [40] . Mshunqane et al. [41] included three exercise groups but two of these groups were prescribed with supervised exercise interventions and thus only data from the self-directed walking group were included in the review.
Two studies presented the results of different outcome measures of a trial that examined the effects of continuing a previously supervised 6-month exercise intervention for a further 6 months in a self-directed setting, at home and/or in a community gym [35, 36, 56] . Data from the initial supervised 6-month intervention study were analysed in the current review to allow a comparison of data from this period and the self-directed intervention period to be made. The same process was conducted for the studies by Cauza et al. [46] and Ligtenberg et al. [47] who also included a supervised preliminary phase in their interventions. The paper from Cohen et al. [32] presented results of the effects of the resistance exercise intervention used by Dunstan et al. [37] on endothelial function in 31 out of 57 participants of the original trial. A summary of the characteristics of included studies is provided in Electronic Supplementary Material Table S1 .
Effects of the Interventions

HbA 1c
The main findings of the effects of the interventions in studies included in the review are summarised in Table 2 . The changes in the primary outcome measure (HbA 1c ) during self-directed intervention periods of trials are presented in Table 3 . Self-directed aerobic exercise improved or prevented deteriorations in HbA 1c levels. Pre-and postintervention HbA 1c data were presented for 13 out of 14 aerobic training groups [23-26, 28, 42-45, 47-50] . Of these studies, seven reported no change at follow-up [23-26, 44, 45, 47] while six reported significant improvements compared with baseline [43, [48] [49] [50] and/or the control group [28, 42, 48, 49] . All of these six trials included a walking-based intervention (the aerobic group in the DARE trial could also exercise on a cycle ergometer) [28] , and three lasted 12 weeks [43, 49, 50] , one lasted 16 weeks [48] while the other two lasted 6 months [28, 42] . One of the trials that lasted 6 months also presented data from a 12-week check-up but there was no change noted at this stage in the trial [42] . One walking study that reported significant improvements in the exercise group also reported significant improvements in a relaxation control group and the authors suggested this was owing to the study effect [43] .
Of the remaining walking intervention trials, one reported no changes in HbA 1c in either the continuous walking or interval walking groups after 4 months but a trend towards an increase in the control group was noted [26] , while another reported no change after an intervention involving a prescription of 10,000 steps/day for 5 days each week for 6 weeks [45] and, last, a trial involving a choice of aerobic walking, jogging or gymnastics reported no change after 365 days [24] . Similarly, no significant changes were seen in HbA 1c for any of the remaining aerobic intervention trials. Three of these included cycle ergometer-based programmes lasting 4 [25] to 12 weeks [23, 44] and the final trial included 14 weeks of self-directed cycling, swimming, rowing or treadmill walking, which had followed a 12-week non-self-directed period that also resulted in no change [47] .
Self-directed resistance training caused varying results with regard to HbA 1c in the included studies. Following reductions at check-ups at 3 and 6 months during a supervised training period [56] , one self-directed resistance training programme, where exercise took place at home, failed to improve or maintain these reductions and led to increases from the end of the 6-month period to the 9-and 12-month assessments. Nonetheless, the mean did remain lower than baseline. [35, 36] . In a similar study that included a supervised 2-month introductory phase and a 12-month self-directed maintenance phase where participants carried out resistance training in either a fitness centre at or at home, the fitness centre-based group showed reductions in HbA 1c at 2 months, which remained significant at 14 months even though there was a trend towards an increase in the self-directed exercise phase between 2 and 14 months of the trial [37] . Furthermore, similar to the fitness centre-based group and to the home-based group, in the Dunstan et al. [36] trial above, the home-based exercise group in this trial experienced a trend towards an increase in HbA 1c during the 12-month self-directed period [37] . Adherence of participants during the maintenance phase of the trial in the fitness centre-based group was associated with significant reductions as participants in the highest tertile of adherence reduced their HbA 1c more than those in the lowest tertile [37] , but this did not occur in the homebased group. This resulted in a significant group-by-adherence interaction at 2 months.
Plotnikoff et al. [34] also conducted a similar homebased resistance exercise programme over 16 weeks, without a run-in period, and found no change in HbA 1c between groups. The resistance intervention in the DARE trial, which was conducted in a fitness centre setting, did decrease adjusted absolute HbA 1c values significantly at 6 months compared with the control group [28] but the resistance exercise groups that used resistance band interventions lasting 16 and 12 weeks, respectively, did not experience any changes in HbA 1c [33, 48] . This meant that only one [28] resistance exercise intervention included significantly improved HbA 1c during a self-directed intervention period.
The combined exercise interventions included in the current review were mostly effective in improving HbA 1c . The intervention in the DARE trial led to greater improvements in glycaemic control than one form of exercise alone. HbA 1c values fell by an additional 0.46 % in the combined exercise training group compared with the aerobic training group and an additional 0.59 % compared with the resistance training group. The study also found that participants with baseline HbA 1c less than 7.5 % only experienced decreases when the combined exercise intervention was used. It was also identified that individuals with higher baseline HbA 1c levels (at or above 7.5 %), experienced greater decreases in their HbA 1c than in those with lower baseline levels and this was independent of the type of exercise used [28] . High-intensity exercise and accumulated bouts of exercise seem to be more effective in causing responses to markers of metabolism because of the higher total energy expenditure they generate either in the form of direct costs during exercise or as EPOC Likewise, self-directed interval-type training may be superior for improving measures of physical characteristics but continuous aerobic exercise may also be beneficial while numerous bouts of exercise spread throughout the day may be more beneficial than one bout of equal aggregate length for measures of cardiorespiratory fitness Self-directed aerobic exercise can be equally beneficial for measures of cardiorespiratory fitness as supervised aerobic exercise
Resistance exercise Gym-or centre-based programmes were found to be more effective than home-based programmes for reducing or maintaining previous reductions caused by exercise in HbA 1c
Self-directed resistance training can also improve measures the physical characteristics and functional capacity of participants
However, resistance training alone may not be a beneficial form of self-directed exercise in maintaining previous improvements in metabolic and functional outcomes and physical characteristics, brought about by supervised programmes, over the long term
Combined exercise Combined interventions may bring about greater improvements in glycosylated haemoglobin than one form of exercise, particularly in individuals with well-controlled baseline blood glucose
Although it was found to be beneficial in the outcomes overall, self-directed combined exercise was not found to produce greater effects than aerobic or resistance training on cardiorespiratory, functional or physical characteristics of participants
Non-traditional exercise
Non-traditional forms of exercise are effective in reducing HbA 1c and improving metabolic outcomes overall. They may also be beneficial for improving physical characteristics
Monitoring of the exact intensity and frequency of the non-traditional interventions may also provide further evidence on their efficacy in future studies. The reduction in rate of perceived exertion seen during FEG from baseline to follow-up suggests that the intensity of alternative forms of exercise should be progressively increased EPOC excess post-exercise oxygen consumption, FEG five element gymnastics, HbA 1c glycosylated haemoglobin, T2DM type 2 diabetes mellitus Self-directed Exercise in Type 2 Diabetes 723 Similarly, Cauza et al. [46] found that HbA 1c reduced from 6.9 ± 0.4 to 6.2 ± 0.5 % in the combined exercise group and increased from 7.5 ± 0.4 to 8.7 ± 0.6 % in the de-training control group during a 4-month period, which was immediately preceded by a 4-month training period. In the initial exercise phase, which was supervised, both groups had initially seen an improvement in HbA 1c from aerobic or strength training. However, in the final combined exercise trial, which involved using food cans as hand weights and an instructional video to assist participants, although there was a trend towards a reduction observed in HbA 1c in the exercise group, no statistically significant changes were observed [38] and, thus overall, two [28, 46] out of three combined exercise interventions improved HbA 1c values compared with controls.
Both non-traditional exercise interventions included in the current review resulted in significantly improved HbA 1c . At 12 weeks, the Wii fit intervention group [40] , who were provided with a Wii console, a balance board and the exercise game ''Wii Fit Plus'' (Nintendo of Europe GmbH, Frankfurt am Main, Germany) and instructed to use these items for at least 30 min each day significantly reduced HbA 1c . However, the control group in the trial also experienced a non-significant reduction and values were not significantly different between groups at baseline or following the experimental period. Within-group differences were significant, and remained so after adjustment for confounders. Interestingly, a secondary analysis revealed a significant reduction in HbA 1c when the control group finished the waiting phase and then carried out the intervention [40] . FEG [39] caused HbA 1c to fall compared with the control group at 8 weeks and 16 weeks. Levels decreased at 8 and 16 weeks in the intervention group and increased significantly at 8 weeks in the control group and remained constant at 16 weeks [39] .
Metabolic Outcomes
Aerobic walking interventions led to contrasting results for metabolic outcomes both within and between the included trials. One study [48] reported significant improvements in systolic blood pressure (SBP), diastolic blood pressure (DBP), mean blood pressure, fasting blood glucose, total cholesterol, low-density lipoprotein (LDL) cholesterol and fibrinogen compared with baseline and the control group and in pulse blood pressure compared with baseline alone. However, no change in haematocrit, high-density lipoprotein (HDL) cholesterol, triglycerides, insulin or insulin resistance was reported [48] . Choi et al. [49] did observe improved insulin resistance in the form of the homeostatic model of assessment for insulin resistance along with improved interleukin-6 levels, glucose, aspartate aminotransferase, apolipoprotein B, SBP, DBP and free fatty acids. In contrast, the Kwon et al. [48] group displayed no changes in fasting C-peptide, total cholesterol, triglycerides, HDL cholesterol or LDL cholesterol, as was the case for all measures of blood pressure and lipids in addition to resting metabolic rate in the aerobic, resistance and combined exercise groups in the DARE trial [28, 29] .
One trial did report improvements in the resting metabolic rate (reported as resting energy expenditure) accompanied by improved HDL cholesterol and plasminogen activator inhibitor 1 and a trend towards an improvement in SBP but no change was reported for DBP, LDL cholesterol, total cholesterol, triglycerides, homeostatic model of assessment for insulin resistance, fructosamine, insulin, glucose, total radical antioxidant parameter, malondialdehyde, homocysteine or lipoprotein A [45] . Equally, no change was seen in either SBP or DBP, the only other metabolic outcomes measured in the van Rooijen et al. [43] trial, and Karstoft et al. [26, 27] reported no changes for any measure in the continuous walking group. Interestingly, Karstoft et al. [26, 27] did report significant improvements for mean and maximum continuous glucose monitoring glucose levels, LDL cholesterol, fasting insulin and the rate of disappearance and glucose infusion rate during the hyperglycaemic stage and the hyperglycaemic plus glucagon-like peptide 1 stage of a hyperglycaemic clamp test in the interval walking group [26, 27] . Sung et al. [42] also identified significant improvements in their regular walking exercise group in fasting blood glucose and triglycerides but no effect on any measure of cholesterol was reported.
An encouraging finding identified was reported by Mshunqane et al. [41] who found that blood glucose reduced significantly compared with baseline in supervised and self-directed environments and there was no betweengroup differences in the supervised walking, supervised cycling and self-directed walking groups. The self-directed walking group also experienced larger improvements in total cholesterol than the two supervised groups.
Despite the fact that there was no change observed in HbA 1c in their 3 9 10 min cycling group, Eriksen et al. [25] did report an improvement in glycaemic control as the area under the curve (AUC) for the oral glucose tolerance test (OGTT) [0-120 min] glucose and fasting capillary plasma glucose both decreased significantly at follow-up in the group. Comparing the 3 9 10 and 1 9 30 min groups, adjustment for differences in baseline values for each of the parameters resulted in significant differences between the two exercise groups after training for fasting capillary plasma glucose. Plasma glucose levels at t = 120 min decreased significantly by 0.5 mmol/L after training in the 3 9 10 min group. The AUC OGTT (180 min) glucose also decreased and neared significance. No changes were found in fasting plasma insulin, fasting C-peptide levels, AUC OGTT (180 min) insulin and C-peptide in any group in the trial as was the case for lipids, and all calculated indices of insulin sensitivity or insulin secretion and blood pressure [25] . The group who cycled once a day for 30 min showed no significant changes in glucose tolerance [25] and these results were similar to the intervention group in the Labrunée et al. [23] trial who carried out a similar exercise programme and underwent no changes in any metabolic outcomes. Results of questionnaires the authors of the Labrunée et al. trial [23] carried out suggested that education regarding exercise may increase compliance and motivation to participate in self-directed exercise interventions. Brun et al. [24] included an initial educational period and recorded a significantly increased Voorrips questionnaire score (a validated physical activity questionnaire [57] ), which may indicate a high adherence to the programme and may add weight to the findings of the questionnaire from Labrunée et al. [23, 24] . However, the majority of metabolic measures, excluding insulin and insulin resistance, did not change following their home-based intervention [24] . Similarly, Ligtenberg et al. [47] found no changes in any outcome measured from the end of the supervised training period to the end of the self-directed period in the intervention or control group; however, some between-group changes were seen during the supervised period for cholesterol and triglycerides.
One included trial [44] found that self-directed nonwalking aerobic training improved b-cell function but only for those with a greater b-cell secretory capacity remaining. There were also no changes in plasma insulin and C-peptide levels or creatine kinase activities in plasma following training. It was found that fasting plasma insulin and C-peptide levels were significantly higher in moderate insulin secretors compared with low secretors with the inverse being the case for fasting plasma glucose [44] .
Apart from HbA 1c , self-directed resistance training also caused varied results with regard to the metabolic outcomes. No change was reported in fasting plasma glucose in either the 6-month run in or self-directed periods in one trial [36] . The control cohort of the trial experienced reductions in fasting serum insulin and an increase in insulin sensitivity scores at 9 and 12 months compared with baseline but no between-group differences were observed for any metabolic outcome assessed in the selfdirected phase [36] . In contrast to this, one separate resistance programme significantly improved fasting insulin as well as HDL cholesterol compared with the control group [34] , while improvements in insulin and insulin sensitivity that neared significance were reported in another fitness centre-based intervention group [37] . The fitness centrebased group also showed significant improvements in fasting plasma glucose at 14 months but the between-group differences were not significant for this [37] . Resistance training was also seen to prevent reductions in bone mineral content and bone mineral density even when weight loss was occurring in a diabetic population, and these benefits were seen to be separate from the effects of resistance training on HbA 1c [35] . Self-directed resistance training was also found to increase sex hormone-binding globulin, the free androgen index, estradiol and testosterone compared with baseline and prevent decreases in serum insulin like growth factor-1 levels, although resistance training did not elicit hormonal changes (serum insulin, serum total testosterone and estradiol, sex hormone-binding globulin, insulin like growth factor-1, free androgen index) compared with a control intervention [35] .
The self-directed combined exercise interventions presented in the current review were largely effective in bringing about changes in metabolic outcomes. Cauza et al. [46] found significant improvements after 8 months in a group who continued with a self-directed 4-month exercise programme compared with those who underwent a 4-month detraining period in fasting blood glucose, total cholesterol, LDL cholesterol and triglycerides. The intervention group also experienced a significant improvement compared with baseline in HDL cholesterol while detraining led to fasting blood glucose, total cholesterol, LDL cholesterol and triglycerides to be significantly higher at 8 months compared with baseline following reductions at the end of the supervised 4-month exercise period [46] . Nonetheless, although the DARE trial reported improved HbA 1c in the combined exercise group compared with the other training groups, it was also found that combined exercise provided no further benefits in metabolic outcomes than resistance or aerobic training alone [28, 29] and as was the case for HbA 1c , Krousel-wood et al. [38] reported no change in systolic and diastolic blood pressures, the only other metabolic outcomes presented in the study, although a relatively healthy baseline blood pressure of 130.7 ± 16.2/77.1 ± 8.8 may be the reason for not seeing significant changes and significant improvements may have been seen in other outcomes if they had been measured [38] .
The results for non-traditional exercise formats differed for metabolic outcomes. Although the Wii fit intervention prevented deteriorations in metabolic outcomes, it did not result in statistically significant changes apart from a fall in fasting blood glucose when the waiting control group began the intervention phase [40] . Contrastingly, FEG significantly reduced measures of lipids in the experimental group as LDL-cholesterol levels at 8 weeks were significantly lower than those at baseline but this was not maintained at 16 weeks. Triglycerides at 16 weeks were significantly lower than those at baseline and after adjustment for baseline measurements, the decreases in LDL cholesterol and triglycerides at 8 weeks were significantly larger than the control group [39] .
Physical Characteristics
Aerobic interventions involving walking led to improvements in a number of physical characteristics of participants. Two intervention groups in separate trials who carried out interventions where they were required to walk five times/week for 60 min for 12 weeks significantly improved their physical characteristics as one group significantly improved body weight, BMI (body mass index) and waist circumference [49] and the other significantly reduced their body weight [49] . Mshunqane et al. also reported significant improvements in body weight along with BMI, waist circumference and subscapular, suprailiac, triceps and biceps skinfold measurements [41] . Similarly, the aerobic exercise group in the DARE trial experienced significant improvements in a number of physical characteristics compared with the control group [28] .
Interval walking training led to significant within-group improvements in relative body mass, BMI, fat mass, visceral fat and waist-to-hip ratio and furthermore it led to significant improvements compared with the control and continuous walking groups, for whom no significant changes in body mass and fat mass were reported [26, 27] . A number of other aerobic exercise groups also observed no change in any measures of physical characteristics, which included walking intervention groups [43, 45, 48] and non-walking aerobic intervention groups [23-25, 44, 47] . One study did not include any measures of physical characteristics in the study [42] .
Similar to HbA 1c , the positive effects of an initial 6-month supervised resistance training intervention [35, 36] on physical characteristics were not maintained in the 6-month maintenance phase that followed as there were dis-improvements seen in body weight, fat mass, lean mass and waist circumference between the 6-and 9-month and the 6-and 12-month periods in the exercise intervention and control groups following the improved scores for all these measures between baseline and 6 months. Following the self-directed study phase, body weight and total body fat increased similarly in both groups but body weight did remain significantly lower than baseline levels in both groups after 12 months. The intervention group was able to maintain lean body mass in the self-directed exercise phase, unlike the control group [35, 36] . In contrast to this, the maintenance phase of the Dunstan et al. trial [37] did lead to significant reductions in measures of physical characteristics as waist circumference and body weight reduced between the end of the run in phase at 2 months and follow-up at 14 months, although it should be noted that this reduction in body weight was contributed to by reductions in both lean body mass and fat mass during this period. Only the fitness centre-based group experienced a significant reduction in fat mass between baseline and 14 months. Lean body mass increased in both groups at 2 months, but there were significant within-group reductions in both groups during the maintenance phase [37] . Similar to the introductory phases in the two trials, the resistance exercise group in the DARE study underwent significant improvements for a number of measures of physical characteristics compared with the control group [28] , but a number of resistance exercise groups experienced no changes in any physical characteristics at followup [33, 34, 49] .
Two out of the three trials that used combined exercise interventions included measures of physical characteristics of participants at pre-and post-intervention. Not surprisingly, the positive effects seen in the aerobic and resistance exercise groups for physical characteristics in the DARE
trial also occurred in the combined exercise group. However, no extra benefit compared with resistance or aerobic training was reported [28] . Krousel-wood et al. [38] reported a mean difference in BMI in the intervention that neared but did not reach significance but a further analysis of the 12 patients who achieved 80 % or more of the prescribed exercise in the intervention group did reveal significantly reduced BMI after 3 months. Further studies are needed to confirm the effects of alternative forms of self-directed exercise on body composition as only one study included in the current review recorded participants' physical characteristics at follow-up [39, 40] . Reductions in BMI and body weight were reported in the Wii fit intervention group and the control group. Further improvements were seen when the control group ended the waiting phase of the study and began the exercise intervention, causing an increase in physical activity and reductions in weight and BMI [40] .
Cardiorespiratory Fitness and Functional Outcomes
Two aerobic exercise studies did not report on the effects of their interventions on cardiorespiratory or functional outcomes in participants [42, 45] but nonetheless, self-directed walking was found to be beneficial for cardiorespiratory fitness and functional outcomes overall. Choi et al. [49] identified that changes in energy expenditure that their intervention group experienced were accompanied by a significant increase in oxygen uptake at the anaerobic threshold. The group also experienced significant improvements in coronary artery disease markers including circulating sRAGE (soluble receptor for advanced glycation end-products) and hsCRP (high-sensitivity C-reactive protein) levels. The change in sRAGE was found to have a negative association with the hsCRP level and in the intervention group there was a trend towards an association between changes in CRP and sRAGE [49] . As was the case for physical characteristics, the near-identical intervention used by Kwon et al. [49] caused similar results as their cohort displayed significant improvements for activity-related energy expenditure, oxygen uptake at the anaerobic threshold, calories burned, endothelium independent vasodilation and flow-mediated vasodilation [49] . However, the intervention did not cause indicators of atherosclerosis such as brachial-ankle pulse wave velocity, flow-mediated vasodilation and nitrate-mediated dilatation to alter in the Choi et al. trial [49] . Significant improvements were also observed in the remaining aerobic walking groups and no deteriorations were seen in any group [26, 30, 31, 41, 43, 48] . Furthermore, home based walking was comparable to supervised aerobic exercise for measures of exercise capacity [41] .
Overall, non-walking aerobic exercise was also found to elicit positive effects or prevent deteriorations in a number of cardiorespiratory and functional outcomes [23-25, 44, 47 ]. An interesting finding in one study was that submaximal heart rate and plasma lactate levels decreased to a similar degree after a single 30-min bout of cycling compared with three 10-min bouts spread throughout the day but the latter caused greater improvements in VO 2max (maximum amount of oxygen that an individual can use during intense or maximal exercise) [25] . Not surprisingly, aerobic training that causes improvements in VO 2max was also found to reduce body weight [24] .
The self-directed resistance training interventions led to significant increases in upper and lower body strength [31, 34, 35, 37] . Resistance training alone rather than a combination of aerobic and resistance training also was more beneficial in causing improvements in strength [31] , and fitness centre-rather than home-based interventions were more effective in preventing deteriorations that occurred following initial gains observed during a non-selfdirected intervention [37] , although the significant improvements seen during the supervised phase of the Dunstan et al. [36] trial were maintained after 12 months in a home-based group. A prolonged self-directed resistance training programme may also initiate improvements in endothelial function in previously sedentary individuals with T2DM even when there are only minimal improvements in glycaemic control and body weight [32] , although Kwon et al. [49] reported no changes in endothelial function over a shorter period. Improvements in endothelial function in diabetic individuals caused by resistance training may also be related to improvements in and regulation of HbA 1c [32, 49] .
Combined exercise interventions led to conflicting results in the included trials for cardiorespiratory fitness and functional outcomes. The DARE trial group displayed significant improvements in measures of cardiorespiratory fitness and submaximal exercise responses compared with the resistance exercise group, controls and/or baseline. However, combined exercise was not more effective than aerobic training alone for improving cardiorespiratory function. Interestingly, a trend towards greater improvements in VO 2peak in older individuals following combined exercise training compared with aerobic exercise training was observed along with a trend towards greater improvements in older vs. younger people following combined training [30] . Significant improvements in muscular strength were also observed in the combined exercise group of the DARE trial [31] . No measures of cardiorespiratory fitness or functional outcomes were reported on in the Cauza et al. [46] or the Krousel-Wood et al. [38] trials or in the non-traditional exercise intervention trials [39, 40] .
Discussion
The growth in numbers of individuals with T2DM worldwide has coincided with changes in lifestyle including habitual diets and reduced daily physical activity caused by improvements in technology, services and infrastructure [57] [58] [59] [60] . The positive effects of exercise training on T2DM patients are well known [3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The development of exercise prescriptions that target the metabolic disturbances of T2DM and can be conducted independently, therefore improving clinical outcomes and reducing the need for supervision of patients and improving cost effectiveness and practicality of the management of the condition is needed [5, 11] . These programmes should be tailored to the individual needs of patients and target their deficiencies. They should also be developed in a manner that allows them to become part of the daily routine of a patient with the aim of maintaining and improving levels of physical activity. Encouragingly, some evidence exists that suggests that the prescription of self-directed exercise programmes may also improve the overall lifestyle (including diet and sedentary time) of patients away from exercise sessions and these benefits can continue over the long term [40, 61] .
Eleven out of twenty-nine intervention groups included in the review reported significant improvements in HbA 1c , the primary outcome measure, while 17 reported no statistically significant change (Table 3) . No combined intervention group, aerobic intervention group or non-traditional exercise group experienced an increase in mean HbA 1c , suggesting there is strong evidence that at worst, these forms of self-directed exercise prevent deteriorations in HbA 1c [23-26, 28, 39, 40, 42-45, 47-50] based on the GRADE system [16, 17] . Self-directed walking may also be more effective in improving HbA 1c than other self-directed aerobic interventions but a further high-quality study that compares the effects of self-directed walking with other forms of self-directed aerobic activity is required to confirm this [23-26, 28, 42-45, 47-50] . Five resistance exercise groups displayed a trend towards an increase in HbA 1c at follow-up [33, 34, 36, 37] . However, the intervention for three of these five groups was preceded by supervised exercise periods in which trends towards reductions or significant reductions were seen [36, 37] . It is well established that resistance exercise is effective in reducing HbA 1c in this population [62] , but the findings of the current review suggest that a prescription of self-directed resistance training alone may not be sufficient for maintaining or improving on decreases following previous reductions in the outcome measure caused by an exercise intervention.
If there is no other choice but to prescribe self-directed resistance training for an individual in the population, the authors of the current review recommend that the exercise sessions take place in a fitness centre or gym rather than in the home [24, 30, 33, 34, 41] . Even though there were differences in HbA 1c outcomes between home-and fitness centre-based resistance training maintenance programmes in the Dunstan et al. trial [37] , adherence appeared to be independent of this as, according to log books and phone conversations, there were similar reductions of approximately 19 and 20 % in the fitness centre-and home-based groups, respectively. It may have been the case that those in the home-based group, where there was less assistance and contact with staff available than for the centre-based group, were not accurately reporting their adherence. Another possibility is that the home-based programme itself or the equipment used was not as effective in preventing deteriorations as the fitness centre-based programme, which used similar equipment in the introductory phase. It is also possible that the lower baseline HbA 1c levels limited the possible effects of intervention compared with the higher levels reported in the centre-based group [37] . The theory that a change in equipment from the gymnasium-based phase to the home-based phase led to a reduction in workload would be supported by Dunstan et al. [36] as they estimated a 52 % reduction in their similar trial, which prevented an intensity of 70-90 % one repetition maximum. A separate possible reason for the disappointing results seen in the Dunstan et al. trial [36] in the home-based maintenance group with regard to HbA 1c may be that the self-directed programme did not include a healthy eating plan aimed at bringing about a moderate weight loss. Nonetheless, it is the opinion of the authors of the current review that the reduction in the volume and intensity of training during the home-based period counteracted the improvements reported in glycaemic control during the initial 6-month period, as the impact of resistance training on glycaemic control in the supervised period was independent of changes in dietary intake and body composition [36] . The limitations in equipment and intensity may have also prevented improvements in the other outcomes reported in these resistance exercise groups and the others included in the review. Furthermore, resistance band-based interventions included in the current review were largely ineffective in improving outcomes measured but, if needed, they may be considered as a preventative measure in the short term [33, 49] .
Previous studies have highlighted the importance of resistance training for T2DM, particularly in older patients, to prevent the effects of sarcopenia and the associated metabolic deteriorations [11, 63] . The findings of this review confirm that self-directed resistance training also has the ability to bring about positive changes in the physical characteristics of individuals with T2DM, especially in previously sedentary individuals. The largest improvements appear to arise in a slightly more supervised and controlled setting [28, [33] [34] [35] [36] [37] 49] . This does not necessarily present a major challenge in the implementation of such programmes in a self-directed setting as the majority of healthy individuals who carry out regular resistance training do so in a local gym or fitness centre, which indicates that these sorts of activities could also easily become part of a T2DM individual's weekly routine. Nonetheless, Dunstan et al. [36] observed that their homebased programme was able to prevent reductions in lean body mass following initial improvements seen during the supervised phase. This was not the case for the fitness centre-based group in the Dunstan et al. [37] trial, which experienced within-group deteriorations. Further evidence on this point may therefore be required.
The combined exercise group in the DARE trial experienced greater reductions in HbA 1c than the aerobic and resistance exercise groups [28] . This would suggest that combined exercise interventions should be prescribed in individuals with T2DM, particularly those with poor glycaemic control. However, it may be argued that it was the greater adaptations and increased energy expenditure caused by carrying out the full aerobic and resistance programmes rather than the actual combination of exercise types that led to improved glycaemic control. Nonetheless, Church [64] conducted a trial comparing the effects of similar quantities of aerobic, resistance and a combined exercise on individuals with T2DM, where aerobic prescriptions met the 2008 Physical Activity Guidelines of 500-1000 MET-min/week (metabolic equivalent of task). METs are units used to measure the energy expenditure of carrying out a certain activity. If a person undertakes a 3 MET activity for 20 min they are said to have completed 60 MET-min. In the Church trial [64] , total time spent exercising across groups was approximately 140 min/ week, and the aerobic and combined training groups completed approximately 680 and 570 MET-min/week, respectively. These investigators found a significant reduction in HbA 1c in the combined exercise group compared with the control group (-0.34 %). HbA 1c changes in the resistance training and the aerobic training groups were not significant compared with the control group [64] . The findings of a review from Balducci et al. [65] further confirm the need for a combination of aerobic and resistance training in metabolic-related diseases. However, the further improvements reported in HbA 1c in the combined exercise group were not replicated for changes in physical characteristics, muscle strength or cardiorespiratory function in the DARE trial [28] [29] [30] [31] . Larose et al. [31] suggested that the likely reason that the combined training group did not progress to heavier loads of resistance as quickly as the resistance training group was that the number of repetitions and sets performed did not change during the intervention. Another reason may be that the total volume of exercise carried out in the combined intervention group led to fatigue and prevented hypertrophy and strength gains. Nonetheless, although no improvements were seen in younger patients, the combined intervention did improve cardiorespiratory fitness in older participants who may have experienced the effects of sarcopenia to a greater extent than younger participants [30] .
Combined exercise has also previously been seen to contribute to the slowing or prevention of the progression of diastolic dysfunction in individuals with T2DM. Furthermore, those with the worst myocardial dysfunction may experience the greatest improvements in these measures following a combined exercise programme, which further highlights that disease severity may impact on the efficacy of interventions [66] . For these reasons and for the benefits discussed above, a combined intervention with a reduced quantity of resistance training than what was included in the DARE trial that allows for a progression of intensity combined with aerobic training may be the most effective means of improving physical function.
Overall, higher intensity exercise or accumulated bouts of exercise seem to be more effective in improving measures of metabolism, physical fitness and physical characteristics because of the higher total energy expenditure they generated either in the form of direct cost during exercise or as EPOC (excess post-exercise oxygen consumption, a period when the rate of oxygen consumption is raised owing to an exercise session to allow the body to adapt and recover from the exercise stimulus) [67] even when there is no effect on HbA 1c [25] [26] [27] . Karstoft et al. [27] reported that unlike their continuous walking intervention, interval walking brought about an increase in the insulin sensitivity index without a subsequent decrease in insulin secretion, which increased the disposition index and improved the glycaemic control of the interval walking group. They suggest that the spikes or variability brought about by their interval walking intervention was necessary to improve metabolic outcomes in their cohort who were relatively fit and active compared with previous T2DM study cohorts. Interestingly, even though the Krousel-wood et al. [38] trial did allow participants to complete their prescribed exercise using a combination of shorter bouts, similar to Eriksen et al. [25] who did see improvements in metabolic outcomes in the group who carried out numerous short bouts of cycling, no significant changes were reported in the intervention group for metabolic outcomes [38] . However, a lack of adequate resistance exercise equipment limiting the intensity of sessions may have prevented the benefits of the multiple bouts from being replicated, similar to the low intensity reported in the Dunstan et al. study above [36] .
The results of the studies included in the current review suggest that non-traditional forms of self-directed exercise are effective in reducing HbA 1c and improving other metabolic outcomes [39, 40] . They may be useful as a stand-alone intervention or as an adjunct to another form of exercise and reduce sedentary behaviour [40] . Monitoring of the exact intensity and frequency of the non-traditional interventions may also provide further evidence on their efficacy in future studies. The reduction in rate of perceived exertion seen during FEG from baseline to followup suggests that the intensity of alternative forms of exercise should be increased progressively [39] .
Limitations
Even though there were some methodological weaknesses and a risk of bias in most studies included in the current review, the majority were well designed. In some studies, some participants took part in both a waiting control phase and given the nature of an exercise intervention it was impossible to blind all participants, personnel and outcome assessors involved in the study while dropouts were not always accounted for completely. This difficulty in blinding reduced the PEDro scale scores of all included studies but, it is the opinion of these authors that this lack of blinding did not lead to an increase in bias in individual studies and across studies, or that outcomes were affected by it.
Not all studies reported on the exact same outcomes assessed in the exact same way. This prevented a completely accurate comparison of studies. The short length of some interventions may have prevented significant changes in the outcomes assessed from occurring in the trial period. Similarly, no study was longer than 14 months in length, which prevents long-term effects and mortality rates from being assessed. The limited number of studies examining the effects of non-traditional forms of exercise on T2DM has prevented precise recommendations regarding these interventions to be made. The varying disease severity of the various exercise groups in all trials also prevented an exact comparison of the effectiveness of interventions as baseline characteristics of participants will impact on the results at follow-up. A number of studies included interventions that required equipment or interventions that required participants to attend a gym, which may act as logistical or financial barriers.
This review evaluated the effects caused by being randomised to an exercise intervention group where the supervision and encouragement of participants is low. This was done to allow the effects of exercise on T2DM, which are well documented in non-self-directed scenarios, to be assessed away from a laboratory or hospital setting [3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Previous work has highlighted that more positive effects can be elicited if there are greater levels of supervision or counselling [68] . Furthermore, the exact adherence to exercise in many of the included studies was not reported with a number of studies also reporting adherence in different ways making comparisons difficult. Similarly, this review did not aim to assess the effects of promoting lifestyle changes as a whole, just the prescription of selfdirected exercise. Intervention trials aimed at altering the included participants' lifestyles have previously been shown to produce promising results in the patient's condition and thus lifestyle interventions should form part of the entire management of the patient's condition [69] .
Conclusions
Overall, self-directed exercise was found to be beneficial for individuals with T2DM for HbA 1c and measures of physical characteristics, metabolism and cardiorespiratory and functional outcomes. Evidence for a prescription of self-directed walking or a combination of aerobic and resistance training exercise improvements in HbA 1c was strongest. Non-traditional forms of exercise should also be considered as independent treatment modalities and/or used as an adjunct to more traditional forms of exercise. Higher intensity activities or activities producing a greater aggregate EPOC may be more useful than less intense exercise and future research should target higher intensity interventions in a self-directed setting to confirm their efficacy. The authors of the current review suggest that there is strong evidence for the use of self-directed exercise for individuals with T2DM in improving or maintaining HbA 1c levels and thus its use should be recommended to patients and practitioners. In particular, there is strong evidence for the use of self-directed walking interventions, non-traditional forms of exercise and for the use of combined exercise interventions [16, 17] .
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